In the course of our search for antiprotozoal agents from terrestrial plants, three new germacranes 1, 2 and 3, together with the well known sesquiterpene lactones parthenolide (4) and costunolide (5), were isolated from Magnolia sororum using bioassayguided fractionation methods. The structures of these new compounds were elucidated by 1D and 2D NMR spectroscopic analysis. Compound 5 exhibited activity (IC 50 = 9.4 μM) in vitro against the Leishmania mexicana parasite. Additionally, all compounds were also evaluated against Trypanosoma cruzi and Monkey Vero cells without showing much activity.
As part of the activities of the Panama International Cooperative Biodiversity Group [1] , a systematic screening of an organic extract of young M. sororum leaves, using bioassays against tropical diseases, has led to the isolation of three new germacranes (1) (2) (3) and two known sesquiterpene lactones (4, 5; see Figure 1 ). No previous chemical studies on this plant have been reported. 6-Oxo-germacra-1(10),4(5),11(13)-triene (1) was obtained as a colorless oil. The quasi-molecular ion at m/z 219.1385 [M+H] + in the HR-APCI-MS provided a molecular formula of C 15 H 22 O. The IR spectrum showed absorbances consistent with an α,β-unsaturated ketone (1678 cm -1 ). The 13 C and DEPT NMR spectra showed 15 carbons, which were assigned to three methyl, five methylene, three methine and four quaternary carbons, with a signal at δ 202.4 consistent with a carbonyl carbon. Additionally, there were six olefinic carbon atoms (one CH 2 , two CH and three qC), suggesting one disubstituted exocyclic double bond and two trisubstituted olefins. Hence, compound 1 was likely to be a monocyclic sesquiterpene with three double bonds and one carbonyl, consistent with a germacrane-based ring system. The 1 H NMR spectrum showed three methyl singlets at δ 1.79, 1.21 and 2.00, which were assigned to olefin positions C-12, C-14 and C-15. Furthermore, signals for two doublets at δ 4.84 (1H, d, J = 1.5 Hz) and 4.82 13 C and DEPT NMR spectra and comparison with literature data indicated that compound 2 possesses a germacrane framework with a structure similar to costunolide (5) [3] , with the primary difference being the absence of the carbonyl group at C-12. Instead, the 13 C-NMR spectrum of 2 showed one methoxymethine moiety at C-12 (δ 104.5) in place of the carbonyl group. An HSQC experiment was used to assign the proton to the attached carbons. Finally, the methoxy attachment was confirmed by HMBC correlations between H-12 (δ 5.18) and C-6 (δ 81.5), C-11 (δ 151.4), as well as the OMe at δ 54.1. A positive NOESY correlation observed between H-7 (δ 2.39) and H-5 (δ 4.10) confirmed that the stereocenters at C-6 and C-7 are the same as reported for costunolide ( Figure 1 ) [2] [3] [4] . Furthermore, NOESY correlations were observed between MeO-12 (δ 3.40), H 2 -13 (δ 5.22, 5.06) and CH 3 -15 (δ 1.60). Thus, the final structure of 2 was established by these NMR experiments as 12βmethoxy-germacra-1(10),4(5),11(13)-trien-12,6αacetal.
The HR-APCI-MS of compound 3 gave a quasimolecular ion at m/z 249.1721, suggesting the same molecular formula as 2. The HSQC connectivity and HMBC correlations were similar to those of compound 2, including relative configurations at C-6 and C-7. Hence, the main difference between compounds 2 and 3 was the relative stereochemistry at C-12, and this was further illustrated by a NOESY correlation between the C-12 OMe group (δ 3.44) and H-12 (δ 5.26). Compound 3 was thus identified as 12α-methoxy-germacra-1(10),4(5),11(13)-trien-12,6α-acetal. The epimeric relationship of compounds 2 and 3 was further supported by their opposite [α] 24 D values.
In order to establish if compounds 2 and 3 were artifacts, an acetone extract was prepared from mature leaves using the same protocol. VLC fractionation and column chromatography of fraction C were made, followed by 1 H-NMR spectroscopy. Inspection of these spectra revealed the complete absence of methoxy signals. We therefore conclude that compounds 2 and 3 are artifacts and were obtained due to the addition of MeOH across the electrophilic carbonyl group during the preparation of the methanolic extract [5] . Compounds 4 and 5 have previously been shown to exhibit significant activity against T. cruzi and L. amazonensis [6, 7] . The decreased antileishmanial and trypanocidal activities for compounds 1-3 suggest that the presence of the lactone moiety is important for activity against these parasites ( Table 2) . It is well known that sesquiterpene lactones that contain an α-methylene-γlactone functionality possess a wide range of biological and pharmaceutical properties [8] [9] [10] . In this paper, we expand on these reports with the finding that costunolide (5) 
Extraction and isolation:
Upon collection, mature leaves were transferred to sealed plastic bags, kept on ice, and processed within 6 h. After removal of the stems, 0.3 kg of fresh leaves was homogenized in 30 g aliquots with 240 mL of cold MeOH for 30 s in a Waring blender followed by treatment with a polytron homogenizer (Brinkmann Instruments) for at least 2 min or until the suspension of leaf material was homogeneous. The mixture was filtered under vacuum through Whatman # 4 filter paper, and the marc was then washed with 150 mL of EtOAc. The MeOH and EtOAc fractions were combined and filtered through Whatman # 1 filter paper. The extract was concentrated by rotary evaporation, yielding a total of 31.7 g of crude extract, which was stored at -80ºC until further use.
The crude extract showed activity against L. mexicana (IC 50 = 4.0 μg/mL). The extract was subjected to fractionation by VLC on silica gel 60 (230-400 μm, 6.5 x 3.5 cm) using 150 mL of each of the following eluents: n-hexane, n-hexane-EtOAc (1000 mL) and n-hexane-CHCl 3 1:1 (1000 mL), to yield compounds 1 (12.2 mg, 800-850 mL), 2 (7.7 mg, 875-890 mL), 3 (7.9 mg, 895-910 mL) and 10.6 mg of costunolide (925-1000 mL) (5) . Fraction D (510 mg) was subjected to column chromatography with silica gel 60 (230-400 μm, 2.5 x 26 cm) eluting with n-hexane-EtOAc 7:3 (1000 mL) to yield 43.6 mg (200-400 mL) of parthenolide (4) and 85.9 mg (500-700 mL) of costunolide (5) . Fraction E gave 2.86 g of pure parthenolide (4) .
Assay for the inhibition of Leishmania mexicana:
Anti-leishmanial activity of isolated compounds was evaluated by the inhibition of parasite proliferation, based on a DNA detection assay, adapted from an anti-malarial micromethod that makes use of the crosslinking agent, PicoGreen® [11] . Briefly, 25,000 amastigotes of L. mexicana (MOHM/B2/BELZ), from axenic culture, were co-incubated in triplicate in 96 well plates at 32ºC in a CO 2 free atmosphere for 72 h with different concentrations (10, 2 and 0.4 μg/mL) of the test substances. During the last hour of incubation, parasite membranes were permeabilized with a solution containing 2% Triton X and 1% PicoGreen® diluted in tris borate buffer. The relative fluorescence units (RFU) were quantified with a fluorescence microplate reader (FLx800; Bio-Tek Instruments, Inc., Winooski, VT) employing filter sets of 485/20 nm excitation and 528/20 nm emission, as previously described [12] .
The concentration that inhibited 50% fluorescence (IC 50 ) was calculated by log regression of RFU values as compared with negative control of untreated parasites, representing the 100% fluorescence.
Assay for the inhibition of Trypanosoma cruzi:
In this colorimetric method, the inhibition of parasite growth was assessed by the expression of the reporter gene for beta-galactosidase (β-Gal) in the recombinant Tulahuen clone C4 of Trypanosoma cruzi [13, 14] . Assays were performed in triplicate on the amastigote, the intracellular form of the parasite infecting African green monkey kidney (Vero) cells, exposed during 120 h to different concentrations (10, 2 and 0.4 μg/mL) of the test substances at 37°C under an atmosphere of 5% CO 2 / 95% air. The resulting color from the cleavage of chlorophenol red-β-D-galactoside (CPRG) by β-Gal expressed by the parasite was measured using a Benchmark Bio-Rad microplate reader at 570 nm. The concentration that inhibited 50% expression of β-Gal (IC 50 ) was calculated by log regression of the obtained optical density values, and compared with the untreated controls.
Assay for the inhibition of Vero cell growth:
Vero cells were used to evaluate the cytotoxicity of the compounds. The assay was based on the reduction of 3-(4,5-dimethyl-thiazol-2-yl)-2,5diphenyltetrazolium bromide [15] (MTT, Sigma) by lactid dehydrogenase as produced by living cells. Assays were performed in triplicate sterile 96-well microtiter plates containing 1.2 x 10 4 cell/well in complete RPMI 1640 medium without phenol red plus 10% FBS. Cells were co-incubated with serial dilutions of compounds for a total of 96 h. On the last day of incubation, cells were exposed to the MTT substrate and incubated at 37°C for an additional 6 h. The resulting formazan crystals were solubilized with 100 µL isopropyl alcohol and the resulting color was measured using a Benchmark Bio-Rad microplate reader at 570 nm. The concentration that inhibited 50% lactic dehydrogenase reduction (IC 50 ) was calculated by log regression of the obtained optical density values and compared with untreated controls. 
